We value rating-triggered step-up bonds with three methods:(i) the Jarrow, Lando and Turnbull [1997, JLT] framework, (ii) a similar framework using historical probabilities and (iii) as plain vanilla bonds. We find that the market seems to value single step-up bonds according to the JLT model, while it values multiple step-up bonds as plain vanilla bonds. Further, step-up feature market premiums are more volatile than JLT and historical premiums, and the JLT model approximates market premiums always better than the historical method. Finally, most step-up bonds offer a cushion against rating migrations via dampened price movements.
Introduction
European telecom companies have issued rating-triggered step-up coupon bonds in order to compensate bond investors for losses in the event of rating downgrades. Several investment banks (McAdie, Martin and O'Kane [2000] , Fumagalli and Taurén [2001] and Sirinathsingh [2001] ) analyzed step-up bonds. Most of the time, they used historical and subjective rating transition probabilities in their valuation and showed the results of their model for only one day. In contrast, we apply the risk-neutral valuation framework of Jarrow, Lando and Turnbull [1997, hereafter JLT] to value the step-up bonds and demonstrate the model's results over a long time period. For comparison purposes, we also value step-up bonds using historical transition probabilities and as equivalent plain vanilla bonds, i.e. bonds similar to step-up bonds except for the step-up feature. Moreover, we analyze the protection that the step-up feature offers to investors in two ways new to the literature. First, we test the volatility of a step-up bond versus its equivalent plain vanilla bond. Second, we determine whether the step-up bond offers superior returns over its equivalent plain vanilla bond in case of rating downgrades and negative outlooks.
Our results indicate that the market seems to use the JLT model to value step-up bonds that make a single step-up after the rating trigger. On the other hand, step-up bonds that make multiple step-ups seem to be treated as plain vanilla bonds. Also, the JLT model approximates the step-up feature premium always better than the historical method. We further find that the step-up feature reduces bond price volatility for most of the considered step-up bonds. Finally, for all bonds in our sample, the step-up feature does not offer investors positive excess returns in case of a rating downgrade or a change to negative outlook.
The coupon of a step-up bond depends on its issuer's rating or the rating of the issuer's long term debt. If the rating deteriorates and hits a predefined level, the step-up feature is triggered and the coupon rises with a predefined amount. Depending on the exact specification of the step-up bond, the coupon can rise even more if the rating further deteriorates. For most step-up bonds, the reverse also applies: the coupon is reduced if the rating increases again. Step-up bonds are a relatively new phenomenon in the euro-denominated corporate bond market. Both issuers and investors benefit from this step-up feature; see McAdie et al. [2000] . Issuers have placed a larger volume of debt at lower yields than would otherwise have prevailed. Investors have profited too, because they will be compensated in case of rating downgrades and because issuers should be more committed to their rating as a downgrade will penalize them directly by higher coupons.
We analyze five step-up bonds that have been issued by three companies: Deutsche Telecom, France Telecom and KPN. These are the only three companies in our data set that have issued both step-up bonds and enough euro-denominated plain vanilla bonds to reliably estimate issuerspecific interest rate curves. Even though we can analyze only a limited number of step-up bonds, this study is worthwhile, because it provides one of the first empirical tests of the JLT model on rating-sensitive instruments and because the behavior of step-up bonds has not yet been documented in the academic literature.
Various investment banks have published about the characteristics and valuation of stepup bonds, for example Lehman Brothers [McAdie et al., 2000] , J.P. Morgan [Sirinathsingh, 2001] , Schroder Salomon Smith Barney [Fumagalli and Taurén, 2001] and Société General [Turc, 2001] . J.P. Morgan used historical transition and default probabilities in their valuation; Lehman Brothers estimated these probabilities subjectively by using their analysts' opinions; Schroder Salomon Smith Barney applied both subjective and historical transition probabilities; Société General implemented a JLT-type of model and used risk-neutral probabilities. These studies all showed the results of their analysis for only one day. In contrast, we price the step-up bonds for a longer period (March 2001 -February 2002 , and implement three pricing methods.
Despite the large interest from practitioners, only one academic paper [Conroy, 2000] has been published about the valuation of euro step-up bonds, as far as we know. Like most investment banks, Conroy also valued step-up bonds using historical rating transition probabilities.
Risk-neutral valuation models that can be used to price rating-triggered instruments have appeared in the academic literature though. The basis for most of these models is the JLT Markov chain model, which uses a firm's credit ratings as an indicator of the likelihood of default. Kijima and Komoribayashi [1998] adjusted the JLT model to make it numerically more stable by replacing default probabilities with survival probabilities in the calculation of risk premia.
We expect that the JLT model generates step-up bond valuations that are more in line with corresponding market prices than the historical valuation method, because the JLT model takes the market risk premium into account, whereas the historical method does not.
The JLT model has been generalized by Das and Tufano [1996] to incorporate stochastic recovery rates, and by Lando [1998] and Arvanitis, Gregory and Laurent [1999] to make transition and default intensities stochastic and possibly dependent on state variables. Schönbucher [1999] , Bielecki and Rutkowski [2000] and Acharya, Das and Sundaram [2002] embedded the Markov chain in a Heath, Jarrow and Morton [1992] framework with stochastic forward rates. Acharya et al. [2002] also provided an illustration of their model on a stylized step-up bond.
In independent work, Lando and Mortensen [2003] also analyzed step-up bonds in the JLT framework. Although their work is similar to our study, they focused on refining the JLT model, while we compare three different valuation methods. Further, we analyze the protection that the step-up feature offers to investors.
The remainder of this paper is structured as follows. First, we describe the characteristics of step-up bonds in Section 2. Next, in Section 3, the JLT model is briefly summarized and the risk-neutral valuation of step-up bonds is explained. Further, we describe the valuation methods using historical probabilities and as equivalent plain vanilla bonds. Section 4 describes our data set. The results of applying the three valuation methods to the data are given in Section 5. We also test whether including step-up features offers the investor sufficient protection using both volatility tests and we conduct an event study on rating and outlook changes. Finally, Section 6 summarizes the paper.
Step-Up Bonds
The coupon of a step-up bond depends on the issuer's rating or the rating of its long term debt. If the rating deteriorates and hits a predefined level, the step-up coupon is triggered and the coupon rises with a predefined number of basis points. Depending on the step-up coupon type, the coupon can rise even more if the rating further deteriorates. For most step-up bonds, the reverse also applies: the coupon is reduced if the rating improves again. This is called the step-down feature. The coupon can never go below the original level at issuance though.
Step-up conditions can differ between bonds. The most important discriminating conditions of the step-up bonds are the following: whether the coupon can step up and down or only steps up, whether both Moody's and S&P have to downgrade the issuer or only one of them before the step-up trigger is hit, the timing of the coupon adjustment, the rating-trigger level and the number of basis points of the step-up. Based on McAdie et al. [2000] and Marchakitus, Soderberg and Bramley [2001] , Exhibit 1 defines three types of step-up bonds.
[Insert Exhibit 1 around here]
Model

Rating Transitions
The value of a bond equals the sum of the discounted, expected cash flows. Unlike a plain vanilla bond, a step-up bond's coupons are a function of the issuer's rating and therefore we have to model the issuer's rating transition process under the equivalent martingale measure. The JLT model provides a suitable framework for this purpose, since it uses a company's credit rating as an indicator of that company's creditworthiness.
We follow the setup of the JLT model. We assume that a unique equivalent martingale measureQ exists that makes all default-free and defaultable bond prices martingales, after normalization by the default-free money-market account. Finally, the recovery rate δ is constant;
we follow Jarrow and Turnbull [2000] and Schönbucher [2000] by assuming that δ applies to the principal only, not to the coupons. The company's credit rating R t at day t is modelled as a Markov chain on a finite state space S = {1, . . . , K} under the historical probability measure. UnderQ, default-free interest rates and ratings are assumed to be independent. The state space S contains all possible ratings, including the minor ratings: state 1 represents the Aaa rating, state 2 Aa1, state 3 Aa2, . . . , state K − 1 Caa, and the last state, K, default. It is assumed that default is an absorbing state.
Under the Markov property, it holds for all i, j ∈ K, t ≥ s ≥ 0 and r u ∈ S, 0 ≤ u < s that
i.e. the probability of going from rating i to rating j in the period from s to t only depends on the rating R s at time s and not on the history R u , 0 ≤ u < s, of reaching that rating. We are aware of the limitations of this assumption, as past rating movements do seem to affect future rating transitions, as shown by Nagpal and Bahar [2000] ; however, it is an assumption common to most theoretical models.
In order to value step-up bonds, we need the rating transition process under the risk-neutral measureQ. JLT started with the observed, historical transition probabilities, for example from a rating transition matrix from Moody's or S&P, and applied risk premia to transform these into risk-neutral probabilities. We choose to adjust the (T − t)-year transition matrix 1 Q(t, T ) to get the risk-neutral transition matrixQ(t, T ) as follows
for some risk premium π(t, T ). It follows that the risk premium can be calculated as
The risk premium for time T is the ratio of the risk-neutral survival probability to the historical survival probability, so that we retain the numerical stability of Kijima and Komoribayashi [1998, hereafter KK] . Note that we use 'cumulative' probabilitiesq ij (t, T ) instead of JLT's and
The advantage of our risk premia is that their calculation is easier, because they do not require matrix inversion, cf. JLT's Equation (16) However, each euro-denominated telecom issuer does not cover the full rating spectrum, so that we have to resort to one risk premium, derived from the issuer's current rating, and apply it to all ratings.
For each day, we estimate the issuer-specific survival probability curve of each telecom company. Following Houweling and Vorst [2002, Section 4] , we specify a linear hazard function, assume a recovery rate of 50%, and use the euro zero-coupon swap curve as proxy for the default-free term structure. The parameters of the hazard function are estimated from the market prices of that issuer's plain vanilla bonds using non-linear least squares. Given the estimated survival probability curve for a company on a particular day, we calculate its risk premia (2) and risk-neutral transition matrices (1) for all required maturities. These risk-neutral matrices are used to calculate theoretical values for step-up bonds using the methods of the next section. We also calculate 95% confidence bounds for the survival probability curve, and repeat this series of calculations for the upper and lower bound, hence obtaining upper and lower bounds for the step-up bond values as well.
Step-Up Valuation
To determine the theoretical value of a defaultable step-up and step-down bond, we add the following assumption to the set of JLT assumptions mentioned in the previous section: both Moody's and S&P alter their rating of an issuer at the same time. 2 In Section 4, we show that this is a plausible assumption to make. In our analysis, we apply the Moody's rating actions.
The remainder of this section discusses our three methods to value step-up bonds of type A and B in Exhibit 1, starting with the JLT model. So, the path-dependent step-up bonds, Type C, are not covered by these methods.
Consider a step-up and step-down bond with n remaining coupon payments and a face value of 1. The bond issuer makes the j th coupon payment at day t j , j = 1, 2, . . . , n, but only if he has not gone into default before t j . If the rating at t j−1 is equal to r, the coupon payment at t j is equal to c r , r = 1, . . . , K. The coupon payment at t 1 depends on the rating at t 0 , which we define as the previous coupon date, or, if there is no previous coupon, the issue date. The step-up bond's principal amount is paid at maturity t n , again only if the issuer has not defaulted before t n . In case the issuer does default before the bond matures, the constant recovery rate δ of the notional is paid at the default time. Applying the risk-neutral valuation principle to these coupon, principal and recovery cash flows, yields
where t is an n-vector with the coupon payment dates, c is a K-vector with the coupon percentages per rating category, p(t, T ) denotes the time-t default-free discount factor for time T ,Ẽ t [X] denotes theQ -expected value of X given the information at day t and 1 {A} is the indicator function of event A. The first line of Equation (3) contains the coupon payments, the second line the principal payment and the potential recovery payment.
For j > 1, the first risk-neutral expectation in Equation (3) can be evaluated as 3
where ∧ is the logical "and" operator andP t (A) is the risk-neutral probability of event A given the information at day t; for j = 1, the coupon amount is already known (because R t 0 is already known), soẼ
After evaluating the second and third risk-neutral expectations in Equation (3) too, the JLT value of our rating-triggered step-up and step-down bond equals
where we follow Houweling and Vorst [2002, Section 4] by replacing the integral that results from the recovery payment with a numerical approximation with potential default dates equal to the coupon payment dates. Note that the only difference between Equation (4) and the value of a plain vanilla (PV) bond,
is the part relating to the specific coupon structure of the step-up bond. If we set c k = c for all k, the expected value of the j th coupon payment reduces to that of a plain vanilla bond
As a second valuation method, we treat the step-up bond as a bond that is identical except for the step-up feature. We refer to this bond as the equivalent plain vanilla bond. Just like the step-up bond, the first coupon of this bond also depends on the rating at t 0 , but the remaining coupons are assumed to follow from the current rating, i.e. they are all equal to c Rt . The value of the equivalent plain vanilla (EPV) bond thus equals
The difference with the JLT formula (4) is the second line, which no longer includes a summation over possible future ratings, but instead assumes the current rating R t will prevail. The EPV formula also strongly resembles the PV formula (5), except that the first coupon may differ from the other coupons.
The third method we consider to value step-up bonds, the historical valuation method, is based on the methods investment banks often applied, e.g. McAdie et al. [2000] and Fumagalli and Taurén [2001] . This method uses the telecom company's zero-coupon curve to discount expected coupons, where the expectation is calculated with historical transition probabilities rather than risk-neutral probabilities; again, the first coupon is known. This gives
where v(t, T ) denotes the issuer's time-t discount factor for time T .
Most euro-denominated step-up bonds have been issued by telecom companies. Analyzing these rating-triggered step-up corporate bonds thus automatically means focusing on the telecom sector.
Step-up bonds are an important source of financing for telecom companies, because at the end of March 2001, step-up bonds accounted for 42% of the market capitalization of the telecom bond market; see Fumagalli and Taurén [2001] . We analyze the set of euro-denominated step-up coupon telecom bonds as listed by both Lehman Brothers [McAdie et al., 2000] and J.P.
Morgan [Marchakitus et al., 2001] . For these European telecom companies, we download the main characteristics and the price time series for all their bonds from Bloomberg on a daily basis for the period from 4 January 1999 to 13 February 2002. We use the Bloomberg Generic (BGN) price. The BGN price is an average of prices that are quoted by a long list of banks and brokers and reflects the bid side of London closing. BGN prices are also used to price the Bloomberg/EFFAS government bond indices; see Brown [1994] .
We make sure that the bonds used in the curve estimation are plain vanilla. We classify a bond as a plain vanilla bond if the bond has no step-up language, no embedded options, is not floating and not convertible. From the downloaded prices, we remove quotes that equal the quote of the preceding day(s) and quote spikes. We seldom have to remove quotes though. Exhibit 2
shows the number of all euro-(re)denominated bonds, plain vanilla bonds and euro-denominated step-up coupon bonds of the telecom companies that have issued step-up bonds. Three issuers, Deutsche Telecom, France Telecom and KPN, have a large number of quoted, plain vanilla bonds compared to the other telecom companies, British Telecom, Olivetti/Tecnost and Telecom Italia.
In our analyses, we focus on the step-up bonds of the first three issuers only, because we need to estimate issuer-specific survival probability curves as described in Section 3 and this curve estimation requires a certain number of plain vanilla bonds. Exhibit 3 displays the characteristics of the step-up bonds we will use in our analysis: the step-up type, as defined in Exhibit 1, the number of basis points step-up and the rating-trigger level. We restrict ourselves to step-up bonds with step-up and step-down coupons, because from our three telecom issuers just one KPN bond has step-up only language. Valuing a step-up only bond, type C in Exhibit 1, differs from a bond with step-up and step-down features, types A and B in Exhibit 1, because the coupon of a step-up only bond is path-dependent. This means that if the rating at any time before the coupon date has been below the trigger-level the coupon payment includes the step-up, even after the issuer is upgraded to or even above the pre stepup rating again; this path-dependency characteristic necessitates an other valuation procedure than Equation (4). In short, once triggered, a step-up only bond becomes a plain vanilla bond.
This is exactly what happened to the KPN step-up only bond seven months after its issuance.
Therefore, from the first coupon date after this rating event, we treat it as a plain vanilla bond and use it in our estimation of the KPN curve. the rating dynamics of both rating agencies are very similar. At the end of our period the two agencies assign identical ratings to each of our three telecom companies. We believe that these figures justify our additional modelling assumption in Section 3.2.
As historical transition matrix, we use Moody's average one-year senior rating transition matrix for corporate bond issuers, estimated over the period from 1983 to 2001; see Cantor, Hamilton and Ou [2002] .
Finally, euro swap rates are downloaded from Bloomberg. We apply a standard bootstrapping procedure to extract zero-coupon rates and interpolate linearly between the available maturities to get a curve for all required maturities.
Results
Step-Up Bond Values and Step-Up Premiums
In this section, we analyze the results from the implementation of the framework from Section 3 on the five step-up bonds in Exhibit 3. We define the pricing error of a step-up bond as its 
where S i b is the sample standard deviation of the PE i bt series and N b is the sample size for bond b. Asymptotically, Z i b has a standard normal distribution. Similarly, in order to determine if significant performance differences exist between the three methods, we also use a paired Z-test;
see Arnold [1990, Chapter 11] . This test tells us whether two time series have the same mean, while allowing for non-zero correlation and unequal variances. The test statistic to compare measures i and j is defined as We also zoom in on the value of the step-up feature. We define the market premium of the step-up feature as the step-up bond's market price minus the value of the equivalent plain vanilla bond. Similarly, we calculate the JLT premium (respectively the historical premium) of the step-up feature as the JLT (respectively the historical) value of the step-up bond minus the value of the equivalent plain vanilla bond. By subtracting the value of the equivalent plain vanilla bond, we 'correct' the market, JLT and historical values for all bond characteristics except for the step-up feature. So, we assume that the step-up feature fully determines the remainder and no other factors are of importance. In addition to the premium, the 95% confidence interval around the premium is calculated using the confidence bounds of the equivalent plain vanilla bond. Similar to the pricing errors introduced for the step-up bond prices, we look at the differences between the market step-up premium and the JLT and historical premiums. Since all three figures contain the value of the equivalent plain vanilla bond as correction term, the last four columns in Exhibit 5 and the last column in Exhibit 6 also apply to the step-up premium.
Yet Exhibit 7 does not pertain to the step-up premium; the coverage percentages for step-up premiums are very similar to those for the step-up bond prices, are therefore omitted.
Deutsche Telecom
We now discuss the results for each telecom company, beginning with Deutsche Telecom. The 
Implications
We now analyze the value of the step-up features at issuance. 7 Exhibit 9 shows that the stepup feature values of both France Telecom bonds do not differ significantly from zero at their issue date, while Exhibit 10 shows that the same applies to the 2006-KPN step-up feature. In theory, these step-up features should have a positive value. Thus, these three step-up bonds are undervalued at their issue date. Consequently, the issuer could have issued bonds with a lower (expected) coupon, thus saving interest payments. This implies that issuing step-up bonds has increased the costs of capital of France Telecom and KPN; see also Lando and Mortensen [2003] .
Recovery Rate
The step-up bond values constructed by the EPV, JLT and historical methods all use a recovery rate of 50%. However, the 'true' recovery rate for these three Telecom issuers is not known exactly, in fact this is the case for all corporate issuers that have not experienced default. So, we analyze here how sensitive the mean absolute pricing errors (MAPEs) are to variations in the recovery rate in the range from 30% to 70%. 
Step-Up Protection
Volatility Analysis
We now analyze the protection a step-up provision offers to an investor. We hypothesize that the price volatility of the step-up bond is lower than the volatility of its equivalent plain vanilla bond, because the step-up feature compensates a lower rating with a higher coupon, and vice versa; see also McAdie et al. [2000] . 9 So, the step-up feature should work as a cushion against rating migrations.
We compare the variance of a step-up bond's market prices, σ 2 step−up , with the variance of its equivalent plain vanilla bond's values, σ 2 EP V . The null hypothesis
is tested using the test statistic
where S 2 step−up and S 2 EP V are the sample variances of the step-up bond market prices and equivalent plain vanilla bond values, respectively. V follows an F -distribution with n step−up − 1 and n EP V − 1 degrees of freedom, where n i equals the number of i-observations, with i ∈ {step-up, EPV}; see e.g. Madsen and Moeschenberger [1986] . 
Event Analysis
Next, we carry out an event analysis to test the protection a step-up bond offers in case of rating (outlook) downgrades. As long as the timing and/or size of a rating downgrade or negative outlook change are not fully anticipated by the market, plain vanilla bonds have a negative return on the event date; see e.g. Hand, Holthausen and Leftwich [1992] . Since a step-up bond compensates investors for the decreased creditworthiness via a higher coupon, we hypothesize that it has a higher return than its equivalent plain vanilla bond.
To test this hypothesis, we define the excess step-up return as the step-up bond market return minus the return of its equivalent plain vanilla bond; so, the step-up bond return is fully corrected for all bond characteristics except for the step-up language. We first calculate the excess return ER it for bond i for the event day, t = 0, and the three succeeding trading days, t = 1, 2, 3. Then, we calculate the average ER t of these excess returns for each day over the five step-up bonds. We also consider cumulative excess returns, defined as
ER is , and their averages CER t . We test the significance of the average excess returns and the cumulative average excess returns using simple t-tests as described in Ritter [1991] . If both Moody's and S&P's change their rating (outlook) of the same company at the same time, we treat this as a single event.
Exhibit 13 shows the results of this event analysis. On the event date, the return on the EPV bond is indeed negative, as expected. However, the return on the step-up bond is even more negative, so that the excess step-up return is negative. Although this negative excess return is not significant, it does not conform with our expectations. During the post event period, the average excess return becomes positive, but stays statistically insignificant. The cumulative excess returns are always negative and insignificant for the whole post event period.
Therefore, contrary to our expectations, the step-up feature does not offer investors positive excess returns in case of a rating downgrade or a negative outlook, but instead offers statistically identical returns as the EPV bond.
[Insert Exhibit 13 around here]
In this paper, we have empirically compared several pricing methods for rating-triggered step-up coupon bonds. European telecom companies have issued these bonds in order to compensate bond investors for losses in the event of rating downgrades. The coupon of such a step-up bond depends on its issuer rating or the rating of the issuer's long term debt. If this rating deteriorates and hits a predefined level, the step-up coupon is triggered and the coupon rises with a predefined number of basis points. We applied risk-neutral transition probabilities using the Jarrow, Lando and Turnbull [1997, JLT] framework to value these rating-triggered step-up bonds. For comparison purposes, we also valued step-up bonds using historical probabilities and as plain vanilla bonds comparable to step-up bonds except for the step-up feature. Further, we demonstrated our results over a long time period. Next, we tested the volatility of a step-up bond versus the equivalent plain vanilla bond and we performed a rating and outlook change event analysis of excess step-up bond returns.
We found that the market seemed to value the Deutsche Telecom step-up bonds, whose coupons make a single step-up after the rating hits the trigger level, according to the JLT model. On the other hand, for the France Telecom and KPN step-up bonds, whose coupons step up every time a rating hits a trigger level, the market seemed to resort to valuation as plain vanilla bonds. Further, we found that the market premiums of the step-up feature were much more volatile than the JLT and historical premiums. These theoretical premiums were stable, except for changes caused by downgrades. Further, as expected, the JLT model approximated the market premiums always better than the historical valuation method. 
Notes
1 Usually, Moody's and S&P report (multiples of) 1-year transition matrices. However, the time between the valuation day and coupon and redemption dates equals almost never exactly (multiples of) one year. Therefore, we adjust the historical transition matrix and make it maturity-dependent using a generator matrix, as described by Israel, Rosenthal and Wei [2001] .
2 Fumagalli and Taurén [2001] assume that a rating action of one agency is followed by the other agency in the next six months.
3 Note that the summation may be reduced from K terms to K − 1 terms, since the K th term is zero:
4 Note that per definition MPE for the plain vanilla bonds is zero, since the pricing error for a plain vanilla bond is simply its residual from the least squares estimation of the survival probability curve. 7 For Deutsche Telecom, we cannot value the step-up features at their issue date (see footnote 5).
8 All other things equal, a higher recovery rate, should increase the theoretical value of a step-up bond. However, here, the recovery rate is first used in the estimation of the survival probabilities, where higher recovery rates result in lower survival probabilities and vice versa.
Next, both the recovery rate and the survival probabilities are used in the valuation of the step-up bonds. How the changing recovery rate (and thus the changing survival probabilities) affects the step-up valuation ultimately is therefore not straightforward.
9 Also, Olivetti/Tecnost's Chief Financial Officer, after linking the coupons of its bonds to its credit rating, stated: "we think having these sort of volatility protection measures associated with our bonds should result in a lower capital cost" (Bloomberg Equity News, June 16, 2000, quoted in Acharya et al. [2002, footnote 9] ).
10 If the step-up bonds were less liquid than the plain vanilla bonds, then this outcome could be explained by the occurrence of stale prices. However, the step-up bonds are probably more liquid than the plain vanilla bonds, because they are younger and have larger notionals than the latter; see e.g. Houweling, Mentink and Vorst [2003] and the references therein.
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